The research work is based on the development and validation of two different spectrophotometric methods (UV spectrophotometer and spectrofluorimeter) for estimation of α-β arteether. Two simple, accurate, precise, sensitive and economical methods has been developed, validated for the estimation of α-β arteether in bulk and pharmaceutical dosage form as per ICH guidelines Q2(R1). The solvent used for UV spectroscopy was methanol and HCl (8:2) and methanol was used for fluorimeter. For qualitative and quantitative analysis, 254 nm was used in UV spectroscopy and excitation and emission wavelengths were set at 354 nm and 697 nm, respectively for fluorimetry. Coefficients of correlation were found to be 0.993 and 0.992 for UV spectroscopy and fluorimetry respectively. Both methods show good accuracy and precision and were compared statistically by using two way ANOVA which shows no significant difference between these methods. So, the proposed methods were found to have equal applicability for estimation and routine analysis of arteether in pharmaceutical formulations.
INTRODUCTION
α-β arteether, (3R,5aS,6R,8aS,9R,10S,12R,12aR)-decahydro-10-ethoxy-3,6,9-trimethyl-3,12-epoxy-12 Hpyrano[4,3-j]-1,2-benzodioxepin, is an oil-soluble ethyl ether derivative of dihydroartemisinin, which is an efficient erythrocyticschizontocidal drug for the treatment of multi-drug resistant falciparum malaria. α-β arteether ( Fig. 1) shows rapid schizonticidal action and brings about quick clinical improvement in falciparum malaria with low recrudescence rate. Inmulticentric clinical trials in patients with complicated and uncomplicated P. falciparum malaria, α-β arteether has been demonstrated for rapid parasite and fever clearance with no adverse effects 1, 2 . The mechanism of action responsible for its pharmacological activity is haemcatalyzed cleavage of the peroxide that generates unstable free radicals to which malaria parasites are particularly sensitive. α-β arteether has been proven to be 100% effective in treating patients for acute chloroquine resistant, complicated as well as uncomplicated falciparum malaria 3 .
Extensive literature survey revealed that although there are many methods like HPTLC 4 , HPLC 5 for determination of arteether and simultaneous estimation method using HPLC/MS 6 were reported previously. A simple method for routine estimation of arteether is the need of the hour. As the analysis is important component in the formulation development of any drug molecule. So, the object of this work was to develop new, simple, sensitive, precise, and accurate methods for the estimation of α-β arteether in pure form and in pharmaceutical formulation and to validate the developed methods as per the ICH guidelines 7 for reliability and industrial acceptance.
MATERIAL AND METHODS

Apparatus
SHIMADZU UV-1700 double beam UV-Vis spectrophotometer equipped with 1cm matched pair of rectangular quartz cells was used in present study. Fluorescence measurements were carried out on LS-50 spectrofluorimeter (Perkin Elmer) equipped with xenon lamp and 1 cm quartz cells. The slit width of both the excitation and emission monochromators were set at 10 nm. All the apparatus and instruments were calibrated and validated before starting the experimental work.
Materials
Arteether pure drug was obtained as a gift sample from Cipla Pvt. Ltd., Baddi. All the chemicals and reagents used were of analytical grade. Two injection formulations procured from local market, were MATCH (MANKIND) and KAPITHER-150 (GODRAMS LIFELINE) each containing α-β arteether 150 mg/2 ml.
Methods
Preparation of standard stock solution
Standard stock solution of α-β arteether was prepared by dissolving 10 mg of α-β arteether in 10 ml of methanol which gives 1000 g/ml concentration.
Preparation of calibration curve
As no direct spectrophotometric method was reported so far in literature for the drug estimation. So, the problem of UV detection of α-β arteether has been tackled by acid decomposition using 5 M HCl inducing the formation of UV detectable degradation product. The optimum conditions for the estimation of α-β arteether were established by varying concentration of HCl and heating conditions and the maximum absorption was obtained by heating at 50ºC for 30 min. with 2 ml of 5M HCl. The peak at 254 nm was the most intense and prominent one and was produced in every condition of heating 8 .
For UV spectrophotometry 100g/ml solution was prepared from stock solution, pipetted out 0.8ml, 1.2 ml, 1.6 ml, 2.0 ml, 2.4 ml, 2.8 ml, 3.2 ml and 3.6 ml into 10 ml volumetric flasks and 2 ml of 5 M HCl was added to each and finally volume was made up to 10 ml with methanol to produce concentrations of 8 g/ml, 12 g/ml, 16 g/ml, 20 g/ml, 24 g/ml, 28 g/ml, 32 g/ml, 36 g/ml respectively. The solution were kept in water bath at 50ºC for 30 minutes for its acid decomposition to produce, -unsaturated decalone [8-methyl-5-(2-propanyl) decalin-4-ene 3-one]. The absorbance was measured at  max 254 nm using methanol and HCl (8:2) as blank. At this absorbance maximum, calibration curve of concentration against the absorbance was prepared (Fig.2) . The overlay spectra of arteether are shown in Fig.3 .
For fluorimetry 100 g/ml solution was prepared from stock solution and pipetted out 0.1 ml and was diluted upto 10 ml using methanol as solvent. The solution such obtained was further diluted to 6.25 ng/ml, 12.5 ng/ml, 25 ng/ml, 50 ng/ml and 100 ng/ml by using same solvent. The fluorescence intensity was measured at the excitation wavelength of 354 nm and emission wavelength of 697 nm. The calibration curve was drawn by plotting graph between fluorescence intensity at emission wavelength and concentration (Fig.4) . The overlay spectra of arteether by using fluorimeter are shown in 
Analytical method validation of the proposed method
Validation is the process of demonstrating that analytical procedures are suitable for their intended use and that they support the identity, strength, quality, purity and potency of the drug substances and drug products.
The analytical method validation includes linearity, precision, accuracy, robustness, limit of detection (LOD) and limit of quantification (LOQ) as per ICH guidelines 7 .
Linearity and range
The linearity of the analytical method is its ability to elicit test results which are directly proportional to analyte concentration in samples within a given range 9 . The various aliquots were prepared by suitable dilution of the standard stock solution (100g/ml) ranging from 8-36 g/ml and the samples were scanned in UV-Vis Spectrophotometer against methanol and HCl (8:2) as blank. The absorbances of respective concentrations were then calculated for coefficient of correlation using Microsoft excel.
For fluorimeter, linearity was established by preparing five different dilutions (6.25 ng/ml, 12.5 ng/ml, 25 ng/ml, 50 ng/ml and 100 ng/ml) of drug. Intensities of respective concentrations were then calculated for coefficient of correlation using Microsoft excel.
Precision
The precision of an analytical procedure is usually expressed as the closeness of agreement between a series of measurements obtained from multiple sampling of the same homogenous sample under the prescribed conditions 10 . Intraday precision study was carried out by preparing drug solution of three different concentrations and analyzing them at three different times in a same day. Likewise for interday drug solutions were analyzed for three different days. The same procedure was followed to calculate precision by using fluorimeter. The results were reported in terms of %RSD.
Accuracy
The accuracy of the method is the closeness of the measured value of the true value for the sample 11 . To determine the accuracy of proposed method, recovery The recovery studies were performed at three levels, 80, 100 and 120 % of working standard solution (100 g/ml). The recovery samples were prepared in afore mentioned procedure. The solutions were then analyzed at respective wavelength (254 nm) for UV spectroscopy and at 697 nm for fluorimetric analysis. The percentage recoveries were calculated for the formulation from the calibration curve.
Robustness
Robustness of the proposed method was determined by carrying out analysis under different wavelengths (252 nm, 254 nm, 256 nm) and by making deliberate small changes in ratio of HCl and methanol (1:9 and 3:7) used for UV spectrometer. In case of fluorimeter, robustness was determined at different wavelengths (695 nm, 697 nm, 699 nm). The respective absorbances were noted and the results were indicated as % RSD.
LOD and LOQ
Limit of detection (LOD) is the lowest amount of analyte in the sample that can be detected. Limit of quantification (LOQ) is the lowest amount of analyte in the sample that can be quantitatively determined. The LOD and LOQ for arteether by the proposed method were determined using calibration standards. LOD and LOQ were calculated using following equations:
LOQ= 10 /S;
Where  standard deviation of the response and S is is the slope of the related calibration curve.
RESULTS
Linearity and Range
The calibration curve was obtained by its correlation coefficient. The curve of Arteether was linear in the concentration range of 8-36 g/ml with correlation coefficient of 0.993 for UV spectroscopy. For fluorimetric analysis curve was linear in range of 6.25-100 ng/ml with correlation coefficient of 0.992. The linearity data of arteether for UV and fluorimetric analysis are shown in Table1 and Table 2 respectively. 
Precision
Precision was calculated as intraday and interday variation (%RSD) for the drug. The results confirmed adequate sample stability and method reliability where % RSD was < 2%. The results of interday and intraday precision for UV analysis are mentioned in Table 3 and  Table 4 . Same results are summarized in Table 5 and  Table 6 for fluorimetric analysis. 
Accuracy
Accuracy was determined by calculating the recovery and the mean was determined. The assay values with respect to the label claim of marketed formulation of arteether in both methods ensure the accuracy of proposed methods. The results of accuracy for UV and fluorimetric analysis are mentioned in Table 7 and Table 8 respectively. 
Robustness
Robustness was calculated by varying the ratio of solvents and wavelengths and results are shown in Table   9 and Table 10 for UV analysis and in Table 11 for fluorimetric analysis. 
LOD and LOQ
The LOD and LOQ for UV method were found to be 0.524 g/ml, 1.588 g/ml respectively. The flourimetry based method was found to be more sensitive, LOD and LOQ, as determined for this method, were 18.77 ng/ml and 61.94 ng/ml respectively.
Statistical comparision of the results obtained by both the developed methods by two way ANOVA and t-test.
To compare the significant difference between the developed methods, two way ANOVA test and t-test were applied to both the methods: UV spectroscopy, Spectrofluorimetry (Table 12) . Assay results in two marketed formulations were taken in account for performing the ANOVA test. The results of statistical comparisons are shown in Table 13 . Various validation parameters of both methods developed for estimation of α-β arteether are mentioned in Tabulated t-value for 95% two sided confidence interval for 5 degree of freedom was (t tab =) 2.92. 
DISCUSSION
The proposed methods provide sensitive, precise, economical and accurate UV spectrophotometric as well as fluorimetric method for the estimation of arteether in injection dosage forms. In the UV spectrometric method, methanol was used as solvent and HCl was used for acid decomposition, which induce the formation of UV detectable degradation product. The maximum absorption was found to be 254 nm for UV and 697 nm(emission wavelength) for fluorimetric analysis. The linearity range was found to be 8-36 g/ml with correlation coefficient of 0.993 for UV method. The linearity for fluorimetric method is in range of 6.25-100 ng/ml with correlation coefficient of 0.992. The method was found to be precise as % RSD values for intraday and interday were within the limits less than 2. Accuracy of the proposed methods was determined by the recovery studies and the mean recoveries (% RSD) for the three concentrations were found to be 98.75% (80% spiking), 100.8% (100% spiking), 99.58% (120% spiking) for UV analysis and 99.53% (80% spiking), 100.04% (100% spiking), 100.28% (120% spiking) respectively for fluorimetric analysis. The good % recovery of the drug obtained indicates that the methods are accurate. The proposed method was found to be robust as the % RSD values were found to be less than 2. The limit of detection and limit of quatification for UV and fluorimetric method was found to be 0.524 g/ml, 1.588 g/ml and 18.77 ng/ml, 61.94 ng/ml indicating the methods developed are sensitive. The calculated F value did not exceed the theoretical value, at 0.05 level of significance, indicating no significant difference with respect to accuracy among the results of developed methods.
CONCLUSION
The developed spectroscopic methods are not only rapid but also simple, sensitive, accurate, and precise and hence used for the routine analysis of arteether in bulk and in pharmaceutical formulation. This method helps us in estimating that in contrast to UV spectrophotometric method, results of fluorimetric analysis were more sensitive and accurate as the accuracy from fluorimetric was 99.95% which is better than UV method i.e. 99.71%. The LOD and LOQ of fluorimetric method were 18.77 ng/ml and 61.94 ng/ml whereas that of UV method are 0.524g/ml and 1.588 g/ml indicating that reported fluorimetric method is more sensitive. As the samples with low concentration can be detected by these methods, hence both methods may be applied in pharmaceutical industries for routine estimation as evident by studies on novel drug delivery system of arteether by author's group 12 .
